. In colored wheat was observed approximately seven times more content compared with the control. The highest firmness was obtained in purple (27.62 N) and the lowest in blue grain (22.31 N). The lowest stickiness was found in blue wheat dough and therefore, it would be more suitable for manufacturing. Blue wheat decreased the dough cohesiveness and work of adhesion. The crumb hardness was significantly lowest in blue batch (P < 0.01) in 100 and 90 % concentration and in 80 % mixture was control significantly highest (P < 0.01). The lower addition of colored wheat flour increased bun springiness. In 100 % and 90 % concentrations were highest values of gumminess observed in purple batch and lowest in blue, but in 80 % concentration was control highest and purple batch was lowest and the same tendency was observed in bun chewiness.
INTRODUCTION
Wheat is a main cereal used to make bread, pasta, and noodles, because among the cereal flours, only wheat flour has the ability to form cohesive doughs upon hydration (Létang et al., 1999; Landillon et al., 2008) and also for its valuable chemical composition. The colour in wheat grain is mainly due to natural pigments such as carotenoids and anthocyanins. These substances accumulate in the aleurone or pericarp of wheat and provide the blue, purple and red colours of the grain (Ficco et al., 2014) . Liu et al. (2010) described anthocyanins as the major compounds distinguishing purple and blue wheat with high antioxidant activity and as well as herbal anthocyanins are functioning as antioxidants and, in addition, they have anti-bacterial and anti-carcinogenic effects as well (Liu et al., 2010; Varga et al., 2013) .
Flour components and the rheological properties of the dough often affect bread properties (Rózylo and Laskowski 2011) . Water and wheat flour mixture results in a viscoelastic material, the dough with characteristic physical properties which strongly influence dough machinability and the quality of the finished product (Armero and Collar 1997) .
Factors that affect the stickiness of foods are the interactions of two forces: adhesive and cohesive (Hoseney and Smewing 1999) .
The aim of this study was to determine the total anthocyanin content of three spring wheat varieties Triticum aestivum and rheological properties of grain, dough and bun as a final bakery product.
MATERIAL AND METHODS

Cereal grains
Three types of spring variety grain wheats Triticum aestivum L. were used in the present study: Control -anek (Volume weight (VW) -814 g.l , NC -14.7 %).
Anthocyanin determination
The extraction of anthocyanins was performed according to Abdel-Aal et al. (2006) with slight modification (Varga et al., 2013) . The total anthocyanin content (TAC, mg.kg -1 ) was calculated and expressed as cyanidin-3-glucoside equivalents.
Texture measurements
Wheat grain firmness, Dough properties and Bun Texture profile measurements were performed with TA-XT Plus Texture Analyzer (Stable Micro System Surrey, UK).
Wheat grain firmness
Wheat seeds were kept in covered beakers at the laboratory temperature. Hundred seeds randomly selected per group were analyzed for firmness. A three-inch diameter compression plate was installed to the 25 kg load cell of the analyzer and setting was adjusted at: 1.5 mm.s -1 pre-test speed; 1.5 mm.s -1 test speed and 10.0 mm.s -1 post-test speed. All samples were cut across their original height using an Upper wedge of Fracture wedge probe.
Dough preparation
Doughs were produced by using three different wheat varieties: control, blue and purple (described in the subchapter -Cereal Grains). Wheats were milled to wholemeal flour using laboratory mill LM 3100 (Perten Instruments AB, Sweden). Ingredients were mixed according to ratio mentioned in table I until total incorporation in a kneading machine Vorwerk (Vorwerk and Co. KG, Germany) for 8.5 minutes. After that, doughs matured at 31 °C in humid conditions for 15 minutes in climatic chamber BMT mmM Group, Ecocell 55 (Germany). Matured doughs were divided into 40 g pieces, they were hand-molded and then matured at 31 °C in a humid conditions for 30 minutes.
Dough properties
The prepared dough was evaluated using SMS / Chen -Hoseney Dough Stickiness Rig test (Texture Technologies Corp., UK) using accessories such as 25 mm perspex cylinder probe (P / 25P) (Texture Technologies Corp., UK) which has a uniform adherence surface and SMS / Chen -Hoseney Dough Stickiness Cell (A / DSC). In this test, prior to the measurement, dough strands of 1 mm length are extruded through holes of the dough stickiness cell. Test setting was adjusted at: 0.5 mm.s -1 pre-test speed; 0.5 mm.s -1 test speed and 10.0 mm.s -1 post-test speed (Hoseney and Smewing 1999) .
Dough baking
Matured pieces of doughs were placed in baking pans, sprayed by water and baked at 250 °C for 15 minutes in the electric oven. Pieces were also sprayed by water in half of baking time and 5 minutes before ending of baking. After baking, buns were placed on plates and cooled in room temperature. Three replicates measurements with 15 pcs of sample per group were performed after 24 hours of baking. 
Bun texture profile
Bun was placed centrally on three-inch diameter compression plate. A double compression cycle test was performed with an aluminum cylinder probe of 38 mm diameter. Hardness, springiness, cohesiveness, gumminess and chewiness were calculated according to (Armero and Collar 1997) 
Statistical analysis
Data were statistically expressed using analysis of variance ANOVA and Tukey post hoc test was used for finding differences within individual groups at the P < 0.01 level. Statistical analysis of data was performed using Unistat 6.1, Ltd., 2012, Czech Republic.
RESULTS AND DISCUSSION
Anthocyanin content and grain firmness TAC of varieties varied from 6.70 to 47.63 mg. kg -1 according to genotype (Tab. II). Colored wheat had approximately seven times more when compared with the control. According to Žofajová et al. (2012) , the anthocyanin content of the blue variety was 193.38 mg.kg -1 and, while those of purple lines were 37.8 (ANK-28A) and 34.5 mg.kg -1 (62 / 0). These values are higher than those found in our experiment (blue 47.63 and purple 41.70 mg.kg -1 ). Our results are comparable with those found Varga et al. (2013) . Anthocyanin content is influenced by environmental factors, e. g. soil and weather conditions (Yang and Jie 2007; Bustos et al. 2012) . Our results are in agreement with other studies regarding the observation that blue wheat contains higher anthocyanin content than purple wheat.
In general, the farmer makes more profit with harder textured wheat (Turnbull and Rahman 2002; USDA-ERS, 2012) . Soft wheat flour is generally used for producing cakes and cookies and on the other side, hard for bread, and durum for pasta. Pauly et al. (2013) described that bread can also be made with soft or durum wheat flour, and cookies and cakes can also be made from hard wheat flour. The highest firmness was obtained in purple grain (27.62 N) and the lowest in blue grain (22.31 N). Purple grain was significantly different (P < 0.01) from control and blue wheat (Tab. II). Wheat grain softness or hardness is greatly associated with the thickness, and these values can be affected with differences in the moisture content (Elbatawi and Arafa 2008) 
Dough properties
The dough stickiness is affected by many factors as wheat varieties, growing season, protein concentration, water absorption, milling process and extraction rate (Van Velzen et al., 2003; Yildiz et al., 2012) . Adhesiveness is a surface property, but in TPA (texture profile analysis) adhesiveness is measured as a compound property of surface adhesiveness, cohesiveness and hardness (viscosity or fluidity); therefore, it should be termed "apparent adhesiveness" (Armero and Collar 1997) . According Hoseney and Smewing (1999) is Chen and Hoseney method for measurement of dough stickiness which minimizes the interference from cohesiveness and hardness. Dough properties expressed as stickiness, cohesiveness and work of adhesion measurements are shown in Tab Results are shown as mean. Means in same column with same letter are significantly different (P < 0.01). the highest force in all concentration, therefore it is not suitable for processing. The importance of sticky dough is even greater, when dough is handled by machine and less by the baker's hand (Hoseney and Smewing 1999) .
III: Dough properties (dough stickiness, dough cohesiveness, work of adhesion)
The same tendency as for stickiness was observed in other dough parameters, when the highest value for cohesiveness was obtained in purple dough (100, 90, 80 % -0.51, 0.55, 0.61 N) and lowest in blue dough (100, 90, 80 % -0.34, 0.35, 0.50 N) and the highest adhesion (100, 90, 80 % -0.74, 0.69, 1.02 N) was also in purple and the lowest in blue dough (100, 90, 80 % -0.41, 0.46, 0.70 N) . Significant difference (p < 0.01) was observed in all concentration for all parameters between purple and blue dough and between blue and control, excepted D C in 80 % concentration when difference was only between purple and blue dough. Armero and Collar (1997) reported that wheat dough cohesiveness is a good predictive parameter of fresh-baked product quality. The more-cohesive wheat doughs produce softer breads with higher specific volumes High values of areas under the curves as recorded for purple (1.02 N mm) and control (0.93 N mm) in 80 % dough concentration, suggest that its concentration has a very sticky dough compared to other concentration and blue dough with relatively low value in any concentration. Decrease in works of adhesion was observed when the dough concentration increased from 80 % to higher value. Reduction of adhesiveness is according Rudolph and Tscheuner (1979) a significant property for the industrialist. The high adhesiveness can cause interruption of the production and contamination of materials.
Bun texture profile
Bun texture profile results are shown in table IV. Spices (1990) , describes bread hardness as an index of quality and its change is frequently accompanied with the loss of resilience during storage. In our experiment the purple batch bun was hardest compared to all test buns in 100 and 90 % concentration, but in 80 % purple batch bun had the lowest value. The blue batch was significantly lowest (P < 0.01) in 100 and 90 % concentration and in 80 % was control significantly highest (P < 0.01).
Bun springiness show that the control and blue batch bun in 80 % concentration showed higher values (0.90 mm) for springiness and on the other hand in 100 % were values 0.81 to 0.82 mm. A reduction in springiness value indicates the loss of elasticity. Our results shown that lower addition of colored wheat flour, increased springiness and therefore the final products are more elastic.
High springiness values of the bread are related to the freshness and elasticity, and therefore are more preferred. Marco and Rosell (2008) and Matos and Rosell (2012) discovered lower springiness in gluten free rice bread after 12 h of germination. Therefore control and blue batch bun in 80 % concentration can be more preferable for consumers. Springiness was not significantly affected in 100 and 90 %.
Cohesiveness defines the internal resistance of bakery structure. For cohesiveness, control in 100 % had lowest values than the rest of the buns, where values ranged from 44 to 47. According to Onyango et al. (2010) , are low cohesiveness breads are susceptible to fracture and crumble.
Gumminess is calculated by multiplying hardness by cohesiveness and chewiness is calculated by multiplying hardness by cohesiveness and springiness. Our results show that in 100 and 90 % concentration were highest values of gumminess observed in purple batch buns and lowest in blue, but in 80 % was control highest and purple batch was lowest and the same tendency was observed in bun chewiness. According to Bhol and Bosco (2014) , changes in the gumminess may be due by the influence of water absorption capacity and variations in chemical compositions. Results are shown as mean. H -hardness, S -springiness, C -cohesiveness, G -gumminess, Ch -chewiness Means in same row with same letter for concentration are significantly different (P < 0.01).
CONCLUSION
Anthocyanin compositions of colored wheat such as purple and blue are major indicator in designating the health benefits of cereal products. Colored wheat contained approximately seven times more anthocyanins than control group. Hardness is one of wheat characteristic with important consequences for the supply chain. This study showed differences in grain firmness, dough and bun quality parameters using different type of wheat. The highest firmness was obtained in purple grain and the lowest in blue grain. The lowest stickiness was found for dough from blue wheat and therefore, it would be more suitable for manufacturing. Similarly, using blue wheat decreased the dough cohesiveness and work of adhesion. Bun with blue grain showed the lowest crumb hardness and higher cohesiveness and therefore it is believed to be less susceptible to crumble.
